Cognitive Outcomes and Activity of Daily Living for Neurosurgical Patients With Intrinsic Brain Lesions: A 1-year Prevalence Study  by Wong, George Kwok Chu et al.
Hong Kong Journal of Occupational Therapy (2011) 21, 27e32ava i lab le at www.sc iencedi rec t .com
journal homepage : www.hk jot -on l ine .comORIGINAL RESEARCH
Cognitive Outcomes and Activity of Daily Living for
Neurosurgical Patients With Intrinsic Brain Lesions:
A 1-year Prevalence StudyGeorge Kwok Chu Wong a,*, Rosanna Wong b, Wai Sang Poon aaDivision of Neurosurgery, Department of Surgery, Prince of Wales Hospital, The Chinese University of Hong Kong, Shatin,
Hong Kong
bDepartment of Occupational Therapy, Prince of Wales Hospital, Shatin, Hong Kong
Received 3 September 2010; received in revised form 25 January 2011; accepted 25 March 2011KEYWORDS
Activity of daily living;
Cognitive outcome;
Intrinsic brain lesions* Reprint requests and corresponden
Wong, Division of Neurosurgery, Depa
Wales Hospital, Shatin, New Territorie
E-mail address: georgewong@su
Wong).
1569-1861/$36 Copyright ª 2011, Else
doi:10.1016/j.hkjot.2011.05.004Abstract
Background: No prevalence data on cognitive outcomes are available for general neurosurgical
patients and few studies have assessed the correlation between common cognitive assessment
tools of the occupational therapists and activity of daily living (ADL) at 1 year.
Methods: Consecutive neurosurgical patients with intrinsic brain lesions (brain tumours,
traumatic intracerebral haematomas, spontaneous intracerebral haematomas, and cerebral
arteriovenous malformations) were approached for consent to participate in the present
study.
Results: At 1 year, the Montreal Cognitive Assessment score (mean standard deviation) was
20.4 (8.6) and 42% of the patients had scores less than 22. The median number of the Neu-
robehavioral Cognitive Status Examination domains below the cutoff values was 8 (interquar-
tile range: 3.5e9.75).
Conclusions: The cognitive assessmentsdthe Montreal Cognitive Assessment, the Frontal
Assessment Battery, and the Rivermead Behavioural Memory Testdshowed satisfactory
discriminating power for complete independence in instrumental ADL. Instrumental ADL
was best correlated with the Rivermead Behavioural Memory Test.
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Traditional neurosurgical outcome studies focus on the
neurological outcomes in terms of disability using the
extended Glasgow Outcome Scale or the modified Rankin
Scale (Wilson, Pettigrew, & Teasdale, 1998; Wilson et al.,ts reserved.
28 G.K.C. Wong et al.2002). In recognitionof the importanceof cognitiveoutcome,
in recent years, neurosurgical studies have started to focus
on the cognitive impairment associated with different
neurosurgical diseases and their treatment (Al-Khindi,
Macdonald, & Schweizer, 2010; Azouvi, Vallat-Azouvi, &
Belmont, 2009; Duffner, 2010; Rausch et al., 2003; Scott
et al., 2010; Taphoorn&Klein, 2004; Tooze,Gittoes, Jones,&
Toogood, 2009). There is also a renewed interest in targeting
rehabilitation to improve instrumental activity of daily living
(IADL; Man, Yip, Ko, Kwok, & Tsang, 2010).
There has been previous literature reporting the corre-
lation between cognitive outcome and ADL, especially on
traumatic brain injury patients (Bagiella et al., 2010;
Dikmen et al., 2009). However, few studies have focused
on the 6-month cognitive outcome, using common cognitive
assessment tools of the occupational therapists, and its
correlation with ADL. Moreover, prevalence of cognitive
impairments among hospitalised neurosurgical patients,
especially locally, has not been previously characterised.
With this in mind, the present study used common cognitive
assessment tools used by an occupational therapist to (a)
investigate the prevalence of cognitive impairment in
neurosurgical patients with intrinsic brain lesions 1 year
after surgery and (b) assess the discriminating power of
general cognitive assessment tools for complete indepen-
dence in basic ADL and IADL.
Methods
Consecutive neurosurgical patients with intrinsic brain
lesions (brain tumours, traumatic intracerebral haemato-
mas, spontaneous intracerebral haematomas, and cerebral
arteriovenous malformations) who underwent neurosur-
gical operations in a regional neurosurgical centre (Prince
of Wales Hospital, The Chinese University of Hong Kong) in
Hong Kong over a 12-month period were recruited for
informed oral consent to participate in the present study.
Prince of Wales Hospital, a 1,200-bed primary and tertiary
health care centre, is the major neurosurgical referral
centre for a population of 1.3 million, based on a 2001
estimate. Communicative surviving patients were con-
tacted to arrange for ADL and cognitive outcome assess-
ments at 1 year.
Instrumentations
The Montreal Cognitive Assessment (MoCA) has been
developed recently in view of the inadequacies of the Mini
Mental State Examination (MMSE) (Hachinski et al., 2006;
Nasreddine et al., 2005). The Hong Kong Chinese Version
has been previously validated and used in hospitalised
ischaemic stroke patients (A. Wong et al., 2009). The MoCA
is a 10-min test that evaluates the following seven cognitive
domains on one page: visuospatial/executive functions,
naming, verbal memory registration and learning, atten-
tion, abstraction, 5-min delayed verbal recall, and orien-
tation. Scores of the MoCA range from 0 to 30. A cutoff of
less than 22 for Hong Kong Chinese patients was previously
derived for mild cognitive impairment or dementia, which
is grouped under cognitive impairment, was used in the
present study (A. Wong et al., 2009). However, no data ofthe MoCA in neurosurgical patients has previously been
reported.
The Frontal Assessment Battery (FAB) consists of six
subtests exploring different functions related to the frontal
lobes, including conceptualisation and abstract reasoning
(similarity test), mental flexibility (verbal fluency test),
motor programming and executive control of action (Luria
motor sequence), resistance to interference (conflicting
instructions), inhibitory control (goeno go test), and envi-
ronmental autonomy (prehension behaviour) (Dubois,
Slachevsky, Litvan, & Pillon, 2000; Mok et al., 2004). A
maximum of 3 is scored for each item and the total test
score of the FAB is 18. A FAB of less than 12 of 18 was taken
as the cutoff for poor cognitive performance (Mok et al.).
The Rivermead Behavioural Memory Test (RBMT) for
everyday memory function was developed to assess the
real-life memory capacities (including verbal and visual
aspects) of individuals who have sustained brain damage
(Clare, Wilson, Emsile, Tate, & Watson, 2000; Wong et al.,
2009). It includes 12 subtests as analogues of everyday
memory situations. The Chinese versions of RBMT have
been previously validated with a maximum score of 24 and
an RBMT of less than 15 of 24 was taken as the cutoff for
poor cognitive performance (Ng et al., 1998).
The Colour Trails Test (CTT) (Elia, Satz, Uchiyama, &
White, 1996) originated from the Trail Making Test
(Reitan, 1959), which is used for the timed assessment of
psychomotor speed and executive functions. Using coloured
numbers instead of the English alphabet, the CTT is
considered to be an acceptable cultural substitute for the
original Trail Making Test with similar psychometric prop-
erties (Lee & Chan, 2000). We used time to complete CTT-2
as measure of executive function. For the CTT-2, the
patient is instructed to quickly trace a line between
numbered circles, obeying the number sequence but
alternating between pink and yellow (i.e., the patient must
trace the line from pink circle 1 to yellow circle 2, not to
pink circle 2, and then to pink circle 3, not to yellow circle
3), and so on (Elia et al., 1996).
The Neurobehavioral Cognitive Status Examination (NCSE
or Cognistat) is a common screening tool used by occupa-
tional therapists for cognitive dysfunction (Schwamm, van
Dyke, Kiernan, Merrin, & Mueller, 1987). The cutoff values
are listed as follows: orientation 10 of 11, attention 6 of 8,
comprehension ability 5 of 6, sentence repetition 11 of
12, naming 7 of 8, construction ability 4 of 6, memory 10 of
12, calculation 3 of 4, similarities 5 of 8, and judgement 4
of 6 (Kiernan, Mueller, Langston, & van Dyke, 1987). Any
subtest score below the cutoff value is defined as impair-
ment in that NCSE subtest or domain (Schwamm et al.,
1987). The Chinese version of the instrument has been
validated in a group of patients with stroke in Hong Kong
and was used in this study (Chan, Lee, Fong, Lee, & Wong,
2002).
The Modified Barthel Index (BI) has been shown to be
a reliable measure of basic ADL (Collin, Wade, Davies, &
Horne, 1988; Mahoney & Barthel, 1965; Shah, Vanclay, &
Cooper, 1989). The Chinese version of the Modified BI was
used in the present study (Leung, Chan, & Shah, 2007).
Items for assessment include feeding, bathing, grooming,
dressing, bowel continence, bladder continence, transfers
from bed to chair and back, mobility on level surfaces, and
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accordance with the level of independence of the subject.
Total scores range from 0 to 100, with 100 representing
complete independence in basic ADL.
The Chinese Lawton IADL Scale (Lawton & Brody, 1969) is
an appropriate instrument for assessing independent living
skills. Items for assessment include ability to use the tele-
phone, shopping, food preparation, housekeeping, laundry,
mode of transportation, responsibility for own medications,
and ability to handle finances. The Chinese version has
been previously validated and used (Chu, Chiu, & Chi, 2006;
Shyu, Tang, Tsai, Liang, & Chen, 2006; Tong & Man 2002).
Total scores range from 0 to 27, with 27 representing
complete independence in IADL.
Statistical Analysis
Statistical analyses were carried out with the aid of SPSS for
Windows Version 15.0 (SPSS Inc., Chicago, IL, USA). Statis-
tical significance was taken as p value less than .05. Demo-
graphic and assessment data were represented by number
(percentage), mean standard deviation (M SD), or
median (interquartile range) as appropriate. Mann-Whitney
U tests and chi-square tests were used to compare patients
with and without cognitive impairment. Kendall’s Rank
Correlations were used to assess correlations between
different cognitive and ADL measures. Receiver operating
characteristics (ROC) curves were constructed to examine
the ability of different cognitive assessment scores to
differentiate complete independence in the BI and the
Lawton IADL. The area under curve (AUC) was calculated for
each ROC curve. AUC represents the probability that, when
one sample is drawn from a truly normal population
(complete independence in ADL measures) and another
sample from a truly abnormal population, the score of the
normal sample will be higher than that of abnormal
sample. A larger AUC denotes better correlation. AUCs
were presented with 95% confidence interval (CI). Cutoff
values were then derived at ROC coordinate points where
both sensitivity and specificity were optimised. Sensitivity,
specificity, positive and negative predictive values, and
diagnostic accuracy at the optimal cutoff for complete
independence of basic ADL and IADL were calculated for
each cognitive assessment tool. Forward multiple regres-
sion analyses to predict the ADL scores using different
cognitive tools were also performed, using probabilities of
entry at .05 and removal at .10.
Results
Over a 12-month period, there were 126 patients with
intrinsic brain lesions who underwent neurosurgical opera-
tions. Patients with extra-axial lesions (such as meningioma
and pure subdural or extradural haematoma) were not
included. Patients were excluded if they had known pre-
morbid cognitive impairment or required assistance for
daily activity of living. Pathologies included glioma (29,
23%), metastasis and other tumours (15, 12%), traumatic
intracerebral haematoma (37, 29%), and spontaneous
intracerebral haematoma (45, 36%). Mortality at 1 year was
24% (30/126). Seven (6%) patients were lost to contact at1 year. Thirty-six (29%) patients were noncommunicative or
dysphasic. The remaining 53 (42%) patients were contacted
for cognitive and ADL assessments and 36 (68%) consented
to participate in the present study.
Participating patients’ profile is shown in Table 1. Of the
36 participating patients, 61% were male and age (M SD)
was 46 17 years. Fifteen (42%) patients demonstrated
cognitive impairment with the MoCA lower than 22.
Twenty-nine (81%) and 13 (36%) patients were completely
independent in basic ADL (BI score of 100) and IADL (Lawton
IADL score of 27), respectively.
Montreal Cognitive Assessment
The MoCA score (M SD) was 20.4 8.6 and 42% of the
participating patients had scores less than 22. There were
significant correlations between the MoCA and the FAB
(correlation coefficient: .747, p< .001), the MoCA and the
RBMT (correlation coefficient: .656, p< .001), the MoCA and
the BI (correlation coefficient: .420,pZ .002), and theMoCA
and the Lawton IADL (correlation coefficient: .496,p< .001).
Patients with cognitive impairment (MoCA< 22) had lower
scores for the FAB (8.7 1.9 vs. 16.9 1.9, p< .001), the
RBMT (8.1 7.6 vs. 18.4 5.4,p< 0.001), the BI (89.5 21.0
vs. 99.8 1.1, pZ .03), and the Lawton ADL (12.6 10.9 vs.
24.1 3.9,p< 0.001); took longer time to complete theCTT-
2 (215 118 s vs. 123 94 s, pZ .074); had more impaired
NCSE domains (p< .001); and were older (57.1 9.7 vs.
38.9 17.3, pZ .001).
Other Cognitive Assessment Tools (FAB, RBMT,
CTT-2, and NCSE)
The median FAB score was 16 (interquartile range: 10e18)
and poor cognitive performance with the FAB score lower
than 12 was assessed in 11 (31%) patients. The median RBMT
score was 15 (interquartile range: 8e21.75) and poor
cognitive performance with the RBMT score lower than 15
was assessed in 50% of patients. Time to complete the CCT-
2 (M SD) was 50 103 s. Impairment according to the
NCSE was noted in 32 (89%) patients and the median
number of the NCSE subtests below cutoff values was 2
(interquartile range: 0.25e6.5).
Cognitive Determinants of ADL
For complete independence in basic ADL, AUCs for the
MoCA, the FAB, and the RBMT were 0.88 (95% CI: 0.76 to
1.00), 0.90 (0.78e1.02), and 0.88 (0.77e1.00), respec-
tively. For basic ADL, the optimal cutoff screening scores
for the MoCA, the FAB, and the RBMT were 18/19, 11/12,
and 10/11, respectively. The sensitivity, specificity, posi-
tive and negative predictive values, and diagnostic accu-
racy with the cutoff values for basic ADL are shown in
Table 2.
For complete independence in IADL, areas under the
curve for the MoCA, the FAB, and the RBMT were 0.72 (95%
CI: 0.56 to 0.89), 0.80 (0.66e0.94), and 0.87 (0.75e0.99),
respectively. For IADL, the optimal cutoff scores for the
MoCA, the FAB, and the RBMT were 19/20, 13/14, and
13/14, respectively. The sensitivity, specificity, positive
Table 1 Participating Patients’ Profile.
Patient
no.
Pathology Gender Age NCSE-
orientation
(12)a
NCSE-
attention
(8)
NCSE-
comprehension
(6)
NCSE-
repetition
(12)
NCSE-
naming
(8)
NCSE-
construction
(6)
NCSE-
memory
(12)
NCSE-
calculation
(4)
NCSE-
similarities
(8)
NCSE-
judgement
(6)
MoCA
(30)
1 Traumatic brain injury M 69 12 8 6 11 8 6 2 4 8 2 24
2 Brain tumour F 48 12 8 5 12 8 6 9 4 8 6 26
3 Brain tumour M 54 12 8 6 5 8 1 7 4 8 6 19
4 Brain tumour M 18 11 8 6 12 8 6 7 4 8 6 25
5 Brain tumour F 66 5 0 3 1 4 0 0 1 0 2 7
6 Brain tumour F 17 12 8 6 12 8 6 12 4 8 6 30
7 Brain tumour F 34 11 8 6 10 8 6 8 4 8 6 27
8 Traumatic brain injury M 15 12 8 6 12 8 6 9 4 8 6 24
9 Traumatic brain injury M 71 12 8 6 7 8 4 11 4 8 6 22
10 Stroke M 50 12 8 5 12 8 2 3 3 8 6 21
11 Brain tumour M 61 12 7 6 7 8 2 6 4 8 6 19
12 Stroke F 56 9 8 4 8 6 0 3 2 4 1 10
13 Traumatic brain injury M 33 12 2 5 5 8 6 10 4 6 6 23
14 Brain tumour F 77 5 3 3 5 8 0 5 2 6 4 12
15 Stroke F 52 6 4 2 0 0 2 0 0 0 0 0
16 Traumatic brain injury M 58 12 8 6 10 8 2 9 4 6 6 22
17 Traumatic brain injury M 19 12 8 6 9 8 6 10 4 8 6 23
18 Stroke F 40 12 8 6 12 8 6 12 4 6 6 29
19 Traumatic brain injury M 75 12 8 6 12 8 2 1 3 3 1 17
20 Traumatic brain injury F 20 11 8 6 12 8 6 12 4 8 6 27
21 Stroke M 49 12 8 6 12 8 6 8 4 8 6 28
22 Brain tumour M 52 12 4 6 11 8 3 9 4 8 6 27
23 Stroke F 62 0 0 0 0 0 0 0 0 0 0 0
24 Brain tumour M 54 12 3 5 1 4 2 2 0 6 2 16
25 Brain tumour M 59 9 8 5 8 8 3 7 4 6 6 22
26 Brain tumour M 35 12 8 6 12 8 6 11 4 8 6 27
27 Brain tumour F 33 11 8 6 12 8 6 11 4 8 6 29
28 Brain tumour F 23 12 8 6 12 8 5 12 4 8 6 30
29 Traumatic brain injury M 54 8 4 6 9 5 2 6 3 6 3 20
30 Stroke M 52 12 8 6 12 8 4 11 4 6 6 20
31 Stroke M 46 11 3 3 1 8 0 12 1 8 6 19
32 Traumatic brain injury M 45 10 8 6 12 8 5 6 4 7 6 22
33 Stroke M 55 2 0 3 0 2 0 0 0 0 0 0
34 Stroke M 27 12 8 6 12 8 6 12 4 8 6 29
35 Traumatic brain injury M 42 11 3 3 4 5 0 1 1 0 0 10
36 Brain abscess M 51 12 8 6 12 8 6 12 4 8 6 30
Note. FZ female; MZmale; MoCAZMontreal Cognitive Assessment; NCSEZ Neurobehavioral Cognitive Status Examination; no.Z number.
a Number inside parentheses denotes total score.
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Table 3 Sensitivity, Specificity, Positive and Negative Predictive Values, and Diagnostic Accuracy With the Cutoff Values for
Instrumental Activity of Daily Living.
Optimal cutoff PPV (%) NPV (%) Sensitivity (%) Specificity (%) Correctly classified (%)
MoCA 19/20 50 92 92 48 64
FAB 13/14 52 100 100 48 67
RBMT 13/14 63 94 92 70 78
Note. FABZ Frontal Assessment Battery; MoCAZMontreal Cognitive Assessment; NPVZ negative predictive value; PPVZ positive
predictive value; RBMTZ Rivermead Behavioural Memory Test.
Table 2 Sensitivity, Specificity, Positive and Negative Predictive Values, and Diagnostic Accuracy With the Cutoff Values for
Basic Activity of Daily Living.
Optimal cutoff PPV (%) NPV (%) Sensitivity (%) Specificity (%) Correctly classified (%)
MoCA 18/19 89 44 83 57 78
FAB 11/12 96 55 83 86 83
RBMT 10/11 96 50 79 86 72
Note. FABZ Frontal Assessment Battery; MoCAZMontreal Cognitive Assessment; NPVZ negative predictive value; PPVZ positive
predictive value; RBMTZ Rivermead Behavioural Memory Test.
Cognitive outcome and ADL of neurosurgical patients 31and negative predictive values, and diagnostic accuracy
with the cutoff values for IADL are shown in Table 3.
Using forward multiple regression analyses with all the
above-mentioned assessment tools, basic ADL was best
correlated with the CTT-2 (regression coefficient: 0.011;
95% CI: 0.005 to 0.018; adjusted R2: .306). Similarly,
IADL was best correlated with the RBMT (regression coef-
ficient: 0.534; 95% CI: 0.343 to 0.729, adjusted R2: .619).
Discussion
Of communicative survivors at 1 year, 42% demonstrated
cognitive impairment and only 36% were completely inde-
pendent in IADL. The cognitive assessments (MoCA, FAB,
and RBMT) showed good correlation for complete inde-
pendence in basic ADL and IADL. On forward multiple
regression analyses, the best cognitive assessment tools
were the RBMT for IADL and the CTT-2 for basic ADL.
We used the MoCA instead of the MMSE (Folstein,
Folstein, & McHugh, 1975) to screen for cognitive impair-
ment. As the MMSE was originally developed to detect
impairment in the cortical cognitive domains associated
with Alzheimer’s disease, such as memory, praxia, and
language, it is not sensitive in detecting impairment
involving frontal-subcortical circuits (Mega & Cummings,
1994). The MoCA has been shown to be unaffected by age
and sex and the effects of education can be readily adjusted
for during scoring (A. Wong et al., 2009). In patients after
transient ischaemic attack and stroke, the MoCA picked up
substantially more cognitive abnormalities than the MMSE,
demonstrating deficits in executive function, attention,
and delayed recall (Pendlebury, Cuthbertson, Welch,
Mehta, & Rothwell, 2010). In addition, the MoCA, but not
the MMSE, was shown to have adequate psychometric
properties as a screening instrument for detecting mild
cognitive impairment or dementia in Parkinson disease
(Hoops et al., 2009).
The study has several weaknesses. As most noncommu-
nicative patients at 1 year were likely to be cognitively
impaired, our data underestimates the overall prevalenceof cognitive impairment as most of the assessment tools in
this study required a certain level of communication ability.
Screening for depression and other psychiatric disturbance
were not carried out concurrently. Motor assessments were
not included in the present study, and thus confounding
effect of CTT-2 to ADL function cannot be assessed. We
used general cognitive assessment tools used by the occu-
pational therapist to measure general cognition, working
memory, and frontal lobe function. There were overlaps
between the NCSE and the MoCA as well as the CTT and the
FAB, in terms of cognitive domain(s) assessed. The cogni-
tive impairment cutoff for the MoCA was derived from
a study of patients with vascular cognitive impairment and
the MoCA would require a communicative patient to ach-
ieve a reliable assessment in all subtests. We used the
number of impaired subtests of the NCSE to compare with
other scores as there was no validated method to combine
the cognitive profile to a total score. There was no
systematic assessment of the cognitive training patients
received, and hence the effect of spontaneous recovery
could not be assessed. Although the tools simulated the
routine assessments performed by the occupational thera-
pist, precise cognitive domain assessments using formal
neuropsychology battery, with reference to age-, sex-, and
education-matched control, would provide a better idea of
the spectrum of the impaired cognition. The latter should
form the framework for future study.
Finally,much remains to be learntabout thebrain changes
underlying cognitive and functional deficits, including the
role of focal brain damage (from pathology and surgery),
raised intracranial pressure, and concurrent medications,
such as anticonvulsants. Consideration of these issues is
necessary to better understand how intrinsic neurosurgical
lesions affect cognition and day-to-day functioning.
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